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Description 

[LIQUID CRYSTAL DISPLAY DRIVING 
CIRCUIT, VERIFYING APPARATUS AND 
ERROR TOLERANCE METHOD THEREOF] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92112284, filed May 06, 2003. 
Background of Invention 

[0002] Field of Invention 

[0003] The present invention relates to a liquid crystal display 

driving circuit. More particularly, the present invention re- 
lates to a liquid crystal display driving circuit, verifying 
apparatus and error tolerance method thereof. 

[0004] Description of Related Art 

[0005] |_ ow temperature polycrystalline silicon (LTPS) technique is 
now frequently used to fabricate the thin film transistors 
(TFT) on a glass substrate inside a liquid crystal display 
(LCD) panel. However, the driving circuits for driving vari- 



ous pixels, whether the driving circuits are used for scan- 
ning or data transmission, have a relatively unstable pro- 
duction yield. In other words, the yield of the driving cir- 
cuits on the glass substrate is quite variable when the 
LTPS technique is used to produce the TFT. 

[0006] pig. 1 is a block diagram showing the layout of a conven- 
tional liquid crystal display driving circuit. The liquid crys- 
tal display driving circuit 10 comprises a plurality of seri- 
ally connected shift registers 102, 104 and 106. To drive 
various pixels on the LCD panel, a start-up signal (ST) is 
first transmitted to the shift register 102. After a preset 
period (in general a clock cycle), the start-up signal will 
be transmitted from the shift register 102 to the shift reg- 
ister 104. In like manner, the start-up signal will be trans- 
mitted from the shift register 104 to the shift register 106 
and subsequent shift registers. The various pixels on the 
LCD panel are driven by the driving lines 112, 114, 116 
that are electrically coupled to the output terminal of the 
shift registers 102, 104 and 106 respectively. 

[0007] Because the driving circuit 10 is constructed using serially 
connected shift registers, problem in anyone of the shift 
register may lead to an erroneous propagation of signals 
in all subsequently connected shift registers. Reliability is 



further aggravated by the unstable yield in manufacturing 
the driving circuit 10 using the LTPS technique. 

[0008] jo alleviate some of the problems caused by a low manu- 
facturing yield for the driving circuits, sophisticated error 
detection circuits are invented. For example, in U.S. Patent 
No. 6,467,057, each driving state includes an additional 
circuit having a complicated design that occupies consid- 
erable area. The introduction of such addition circuit not 
only increases production cost, but also leads to a de- 
crease in the level of device integration. Otherwise, if the 
level of integration is maintained at the same level, the 
probability of having current leaks will increase signifi- 
cantly. All these defects add to the disadvantages of using 
the LTPS technique. 

[0009] | n addition, stuck-at-zero and stuck-at-one at the output 
terminals of the shift registers 102 to 106 also cause 
some problems. Although providing additional shift regis- 
ters connected in parallel such that the outputs from all 
these shift registers are logically OR together before 
sending to the next stage is able to eliminate the stuck- 
at-zero problem, the stuck-at-one problem at the output 

terminal of the shift registers still persists. 
Summary of Invention 



[0010] Accordingly, one object of the present invention is to pro- 
vide a liquid crystal display driving circuit, verifying appa- 
ratus and tolerance method thereof such that manufactur- 
ers can prevent stuck-at-zero and stuck-at-one phe- 
nomenon from occurring at the output terminal of shift 
registers through the deployment of a simple circuit. 

[0011] jo achieve these and other advantages and in accordance 
with the purpose of the invention, as embodied and 
broadly described herein, the invention provides a verify- 
ing apparatus for a liquid crystal display driving circuit 
having multiple driving stages. The verifying apparatus 
has a storage unit, a data switch and an edge detector. 
The storage unit receives and stores a first and a second 
trigger pulse during a first and a second time period re- 
spectively. Thereafter, a first and a second shifted signal 
that correspond to the first and the second trigger pulse 
in the storage unit are transmitted serially via an output 
terminal. The data switch is electrically coupled to the 
output terminal of the storage unit. The data switch is 
flipped to output from a first output path during the first 
time period and the data switch is flipped to output from 
a second output path during the second time period. The 
input terminal of the edge detector is electrically coupled 



to the first output path while the output terminal of the 
edge detector is electrically coupled to the second output 
path. If no edge pulse is detected within the first time pe- 
riod, the edge detector will maintain a pre-defined logic 
level in the second output path during the second time 
period. 

[0012] This invention also provides a liquid crystal display driving 
circuit with multiple driving stages. Each driving stage 
comprises a multiple of verifying apparatus, a logic oper- 
ation unit and a driving switch. The input terminal of the 
logic operation unit are electrically coupled to the various 
second output paths provided by the verifying apparatus. 
When no edge pulse is detected within the first time pe- 
riod, the predefined logic level in the second output path 
maintained by the edge detector is used to execute a cor- 
responding logic operation so that the output from the 
logic operation unit is unaffected by the predefined logic 
level. The driving switch cuts the pixel circuit off the driv- 
ing stage during the first time period and connects the 
pixel circuit to the driving stage during the second period. 

[0013] This invention also provides a liquid crystal display driving 
circuit. The liquid crystal display driving circuit comprises 
a front driving stage and a plurality of subsequent driving 



stages. The front driving stage receives a first and a sec- 
ond trigger pulse consecutively during a verification test. 
The subsequent driving stages are coupled to the front 
driving stage serially. The output terminal of each subse- 
quent driving stage is electrically coupled to the input ter- 
minal of the following driving stage and the one there- 
after. In addition, the output terminal of the front driving 
stage is electrically coupled to the input terminal of the 
following driving stage and the one thereafter. 

[0014] This invention also provides an error tolerance method for 
a liquid crystal display driving circuit having at least one 
driving stage with a multiple of verifying apparatus. Each 
verifying apparatus comprises a storage unit for holding 
driving signals. The error tolerance method includes re- 
ceiving a preset trigger pulse. The trigger pulse transmit- 
ted via the storage unit is checked for any signs of abnor- 
mality. If the trigger pulse via the storage unit is found to 
be abnormal, the output from the verifying apparatus is 
fixed at a predefined logic level. Finally, according to the 
predefined logic level, a corresponding logic operation is 
executed so that the result of the logic operation is ulti- 
mately unaffected by the predefined logic level. 

[0015] | n one embodiment of this invention, the means of check- 



ing any abnormality in the trigger pulse transmitted via 
the storage unit includes sending the trigger pulse into 
the storage unit for storage and then retrieving the data 
from the storage cell inside the storage unit for holding 
the trigger pulse. Thereafter, the data is compared with 
the trigger pulse to determine if both have the same logic 
variation. If the data and the trigger pulse are found to 
have an identical logic variation, the transmission of trig- 
ger pulse through the storage unit is deemed normal. 
Otherwise, the trigger pulse through the storage unit is 
deemed abnormal. 
[0016] | n brief, this invention relies on a comparison of edge 

variation to verify the normality of logical operation inside 
a storage unit. When an abnormality is found in the stor- 
age unit, the output terminal of the abnormal storage unit 
is set to a fixed logic potential so that a different logic 
operation is carried out for each set logic potential level. 
With this arrangement, a simple circuit can be used to 
verify the most frequently defective storage unit inside 
each driving stage. Furthermore, even if one of the stor- 
age units is defective, stuck-at-zero or stuck-at-one out- 
put in the driving circuit is avoided. In other words, the 
true output value is always maintained. 



[0017] | t j S t0 De understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0018] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0019] pig. 1 is a block diagram showing the layout of a conven- 
tional liquid crystal display driving circuit. 

[0020] pig. 2 is a block diagram showing the layout of a liquid 
crystal display driving circuit according to one preferred 
embodiment of this invention. 

[0021] Fig. 3 is a block diagram showing the layout of a driving 
stage inside a liquid crystal display driving circuit accord- 
ing to one preferred embodiment of this invention. 

[0022] Fig. 4 is a block diagram showing the circuit layout of a 
verifying apparatus according to one preferred embodi- 
ment of this invention. 

[0023] Fig. 5 is a flow chart showing an error tolerance method 



for a liquid crystal display driving circuit according to one 
preferred embodiment of this invention. 
[0024] pig. 6 is a flow chart showing the steps of applying the er- 
ror tolerance method according to this invention to deter- 
mine any abnormality in the liquid crystal display driving 

circuit. 
Detailed Description 

[0025] Reference will now be made in detail to the present pre- 
ferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the 
drawings and the description to refer to the same or like 
parts. 

[0026] pig. 2 is a block diagram showing the layout of a liquid 
crystal display driving circuit according to one preferred 
embodiment of this invention. As shown in Fig. 2, the liq- 
uid crystal display driving circuit 20 comprises a plurality 
of driving stages 202 to 208. Since the driving stage 202 
is located at the front end of the liquid crystal display 
driving circuit 20, the driving stage 202 is often referred 
to as the front driving stage while the serially connected 
driving stages 204 to 208 are referred to as the subse- 
quent driving stages. 



[0027] | n this embodiment, the front driving stage 202 receives 
outside signals and re-transmits the signals to subse- 
quent driving stages 204, 206 and 208. Furthermore, the 
output terminal of the front driving stage 202 is also elec- 
trically coupled to the input terminal of the following driv- 
ing stage 204 and the input terminal of the driving stage 
thereafter 206. Similarly, the other driving stages 204, 
206 and 208 also have this type of signal back feeding 
connections. With this type of connections, if the driving 
stage 202 receives a first trigger pulse at time t, the driv- 
ing stage 204 is able to pick up this trigger pulse through 
the driving stage 202 and the data transmission circuit 
222 at time t+1. Meanwhile, the driving stage 206 also 
picks up the trigger pulse through the driving stage 202 
and the data transmission circuit 232 at time t+1. Addi- 
tionally, the driving stage 206 also receives this trigger 
pulse at time t+1 via the driving stage 204 and the data 
transmission circuit 224. 

[0028] using the structural connection as shown in Fig. 2, a sin- 
gle trigger pulse sent to the driving stage 202 is transmit- 
ted to the driving stage 206 and all subsequent stages as 
two identical trigger pulses in consecutive time period. 
Although it appears that this type of structural connection 



will bring about repetitive display of data on the display 
panel, this type of circuits is only applied to the testing 
signals before the actual transmission of data. In fact, af- 
ter the actual transmission of data is initialized, the ex- 
cess circuits (including the data transmission circuits 232, 
234 and 236 involved in the transmission of data to the 
next two driving stages) will be cut off. In other words, 
various driving stages will receive data from the previous 
driving stage only when actual data needs to be transmit- 
ted. 

[0029] jo reduce the system complication, ordinary start pulse 
produced by a conventional technique is used as the trig- 
ger pulse in the testing operation. When actual data needs 
to be transmitted, the trigger pulses will represent image 
data signals. However, anyone familiar with the technique 
may notice that any suitable signal can be used as the 
trigger pulse, not just the start pulse. 

[0030] | n general, before the actual display data is transmitted, a 
start pulse will first appear. In this embodiment, if a start 
pulse is transmitted to the driving stage 202 at time t, the 
start pulse will be transmitted to the driving stage 204 
and 206 in time t+1. Similarly, the start pulse will be 
transmitted to the driving stage 206 and 208 in time t+2. 



Through this transmission mode, the driving stage 206 
and all subsequent driving stages will receive two start 
pulses that can be used for testing. In other words, using 
the driving stage 206 as an example, it will receive a first 
start pulse at time t+1 and a second start pulse at time 
t+2. To obtain two start pulses for testing in the driving 
stages 202 and 204, one more start pulses may be trans- 
mitted to them after transmitting the first start pulse. Ar- 
rangements can be made to discard the second start pulse 
before it reaches the driving stage 206 and the other sub- 
sequent driving stages. 

[0031] | n addition, because all the driving stages 202 to 208 have 
their own driving lines 212 to 218 for driving various pix- 
els, circuit arrangements can be made to shut down any 
output to these lines during the testing operation so that 
no erroneous signals will be sent to the pixels. 

[0032] pig. 3 is a block diagram showing the layout of a driving 
stage inside a liquid crystal display driving circuit accord- 
ing to one preferred embodiment of this invention. To 
simplify subsequent explanations, the driving stage can 
be assumed to be the driving stage 206 in Fig. 2. With 
such an assumption, the driving stage 206 will pick up a 
first start pulse from the driving stage 202 at time t+1 



and a second start pulse from the driving stage 204 at 
time t+2. 

[0033] | n this embodiment, the driving stage 206 comprises a 

plurality of verifying apparatus 302 to 308, a logic opera- 
tion unit 320 and a driving switch 330. The verifying ap- 
paratus 302 to 308 pick up a signal transmitted from a 
single source (for example, the driving stage 202 or the 
driving stage 204) simultaneously. If a particular verifying 
apparatus discovers some abnormality in the signal after a 
testing operation, the output terminal of this verifying ap- 
paratus is maintained at a pre-defined logic potential. Ac- 
cording to this invention, the pre-defined logic potential 
level is related to the type of logic operation that needs to 
be carried out inside the logic operation unit 320. In other 
words, the pre-defined logic potential must be set to a 
level such that the result of operation inside the logic op- 
eration unit 320 is unaffected. For example, if the logic 
operation unit 320 executes a logic 'OR' operation, the 
verifying apparatus detecting an abnormality must output 
a logic '0' signal. Conversely, if the logic operation unit 
320 executes a logic 'AND' operation, the verifying appa- 
ratus detecting an abnormality must output a logic T sig- 
nal. 



[0034] with the aforementioned setup between the verifying ap- 
paratus 302 to 308 and the logic operation unit 320, the 
correct result is always obtained after the logical opera- 
tion inside the logic operation unit 320 if at least one of 
verifying apparatus signals normality. The correct result 
then propagates to the following driving stage 208 and 
the driving stage thereafter (not shown). 

[0035] | n addition, the driving switch 330 permits the selective 
transmission of the output from the logic operation unit 
320 to the driving line 216. With this setup, the driving 
line 216 is prevented from continuously receiving the out- 
put from the logic operation unit 320 in the midst of a 
circuit testing operation and using that to drive the a cor- 
responding pixel. In other words, the display is prevented 
from displaying any erroneous image data during circuit 
testing. For example, the driving switch 330 may utilize 
timing point restriction or the control signal from a con- 
trol signal line to isolate the driving line 216 from the 
output terminal of the logic operation unit 320 electrically 
when the driving stage 206 receives the first start pulse at 
time t+1 and/or the second start pulse at time t+2. With- 
out any electrical connection with the driving line 216, 
pixel-driving pulses are no longer transmitted to the dis- 



play to produce an erroneous image. 
[0036] pig. 4 is a block diagram showing the circuit layout of a 
verifying apparatus according to one preferred embodi- 
ment of this invention. In this embodiment, each verifying 
apparatus 400 comprises a first data switch 402, a stor- 
age unit 404, a second data switch 406 and an edge de- 
tector 408. The output terminal of the first data switch 
402 is connected to the input terminal of the storage unit 
404. The first data switch 402 has two input terminals. 
One of the input terminals is connected to the output ter- 

th 

minal two driving stages before (that is, the (N-2) driv- 
ing stage) and the other input terminal is connected to the 
output terminal one driving stage before (that is, the (N-l) 
driving stage) assuming that the verifying apparatus 400 
is within the Nth driving stage. The first data switch 402 
receives a trigger pulse from one of these input terminals 
selectively and then re-transmits this trigger pulse to the 
storage unit 404. 
[0037] | n general, the storage unit 404 is device comprising shift 
registers. In this embodiment, the storage unit 404 is ca- 
pable of receiving trigger pulse in different time periods, 
holding the trigger pulses and re-transmitting these trig- 
ger pulses thereafter. The capacity of the storage unit 404 



to re-transmit the stored trigger pulses is important in 
this invention because the stored trigger pulse inside the 
storage unit 404 may differ from the originally input trig- 
ger pulse due to a circuit problem. To distinguish between 
the two, the trigger pulse that has been stored inside the 
storage unit 404 is referred to as a shifted signal. 
[0038] Assume that the storage unit 404 outputs a first and a 

second shifted signal during a first time period and a sec- 
ond time period respectively. The second data switch 406 
will transmit the first shifted signal to the edge detector 
408 (this transmission path is subsequently referred to as 
the first output path) during the first time period. There- 
after, the second shifted signal to the edge detector 408 
(this transmission path is subsequently referred to as the 
second output path) during the second time period. Aside 
from the receiving the first shifted signal within the first 
time period, the edge detector 408 also performs a test to 
determine if the first shifted signal has the same logic 
variation compared with the trigger pulse previously input 
to the verifying apparatus 400. To achieve this function 
according to the embodiment of this invention, the start 
pulse serves as the trigger pulse during the testing opera- 
tion. Since the start pulse is a pulse transition from a logic 



'0' to a logic T, the signal received by the edge detector 
408 within the first time period should normally include a 
logic '0' to T edge transition. 

[0039] utilizing the edge transition concept, the edge detector 
408 can easily determine whether the storage unit 404 
operates normally or not just from the received signal 
content. When the edge detector 408 detects some func- 
tional abnormality in the storage unit 404, the output ter- 
minal having electrical connection with the second output 
path will be set to a pre-defined logic potential. Since the 
pre-defined logic potential is related to the type of logic 
operation deployed by the subsequent logic operation 
unit, the logic potential should be set according to the ac- 
tual operating conditions. 

[0040] Note that although the data switch 402 is used to receive 
signals from different input sources, the verifying appara- 
tus is not limited to one having this type of structure. For 

th 

example, if there is only one data source (the (N-l) ) for 
the verifying apparatus 400, the verifying apparatus 400 
still can receive a trigger pulse in the first time period and 
determine if the storage unit 404 is normal or not through 
the aforementioned circuit operation so that the actual 
image data received in the second time period can simi- 



larly be assessed. Because there is only one data source 
for in this type of structure, the data switch 402 can actu- 
ally be deleted. 

[0041] | n t he aforementioned embodiment, other circuits are as- 
sumed to have no problems so that any problem with the 
storage unit 404 can be directly deduced. However, other 
circuits may contain defects leading to the production of 
erroneous data besides the storage unit 404. Neverthe- 
less, if the verifying apparatus 400 finds a problem in the 
storage unit 404, the output from the verifying apparatus 
400 must be discarded. In other words, the verifying ap- 
paratus 400 of this invention is able to eliminate most of 
the circuit problems that may cause a display error, not 
just verifying the problem in the storage unit 404. 

[0042] pig. 5 is a flow chart showing an error tolerance method 
for a liquid crystal display driving circuit according to one 
preferred embodiment of this invention. The liquid crystal 
display driving circuit comprises a plurality of driving cir- 
cuits. Each driving circuit has a plurality of verifying appa- 
ratus with each verifying apparatus having a storage unit 
for holding driving signals. In this embodiment, the veri- 
fying apparatus must receive a pre-defined trigger pulse 
(S500) during a testing operation. Thereafter, the trigger 



pulse is checked to determine if its transmission is normal 
or not (S502). If the trigger pulse transmission is found to 
be abnormal, the output terminal of the verifying appara- 
tus undergoing the test is set to a pre-defined logic po- 
tential (S504). The driving stage outputs a result after the 
output from all the verifying apparatus have been com- 
bined together in a logic operation (S506). 

[° 043 ] Similarly, the output from a verifying apparatus deter- 
mined to be abnormal will not affect normal transmission 
signals. Since the reason for this have been explained be- 
fore, detailed description omitted here. 

[0044] pig. 6 is a flow chart showing the steps of applying the er- 
ror tolerance method according to this invention to deter- 
mine any abnormality in the liquid crystal display driving 
circuit. First, the verifying apparatus to be used in the 
testing operation must store up a trigger signal (S600). 
Thereafter, the data is read out from a storage unit hold- 
ing the trigger pulse (S602). The logic variation of subse- 
quently read data is compared with the logic variation of 
previously read data from the storage unit to determine if 
they are identical (S604). If the respective logic variations 
are identical, the data transmitted through the verifying 
apparatus is judged to be normal (S606). Otherwise, the 



data transmitted through the verifying apparatus is judge 
to be abnormal (S608). 
[0045] | n summary, this invention uses simple circuit structure to 
detect and maintain transmission accuracy in each driving 
stage. The correct output value is transmitted from the 
driving stages most of the time even if some of defective 
storage units output stuck-at-zero or stuck-at-one val- 
ues. 

[0046] it w j|| De apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



